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The radiating and iKpadance chatractaristics of a laterally ra- 
diating X band electra’aagnetic horn were investigated. The kom hae a 
flare angle of 90 degrees in the H plane and at a radius of 37. S co* it 
1 b beat through 90degrees to fora an aperture In the shape of a quad- 
raatal arc. The aperture has a chord length of 16,7 X at 1 « 3.2 cr., 

Experiaental resxilts verified coaputed field patterns and in- 
dicated tlmt a const(Uit phase was obtninod across the aperture. Illumina- 
tion vas considered to bo the distribution of the % q Eode across the 
aperture. 



The pattern of the uncoapan sated horn is elllptleally polarised. 
In the K plane the E plane polarisation has a bea» width of 4.3 degrees 
and first side lobe level is 21 db. down at X ^ 3.2 an. The R plane po- 
larization gives two min lobes 12 db, down from the B plane polarization. 

Impedance aeasuroBonts Indicate reflection coefficients, due to 
reflection at the throat and at the aperture of the horn, Roflootion at 
the ^ degree bond appears to be negligible. Representative valuea are 
ft e 0,0726, Pa “ 0.159. Shc:lLd reflection at the throat b© ellttinated 
ty a oxjLTved transition a VSVR = 1,38 over a bond of 200 ocs, is obtain- 
able. 



To eliminate the cross polarization due to H plane polarization 
various schemes were tried. £ plane flare vas added. This combined with 
a paralled plate filter at the aperture reduced tho crocs polariRatica 
20 db. VSWR loss tiain 1*50 over a 675 mcs, band, with elimination of the 
throat reflection, were obtained. 

Other schemes tried included adding a parallel plane filter 
vlth no flare and using £ plane flare and a par&Uol wire filter. Grass 
polarization was reduced in all cases. 

It is concluded that thJ.s type horn provides a constant phase 
illumination across a wide aperttire resulting in a narrow beam >rith rea- 
sonably low side lobes. The cross components of polarization Inherent 
in the design n*y be eliminated ty mode filters. The impedance charac- 
teristics may be improved ly designing for mutual cancellation of re- 
floctioaB in the frequen^r band desired. 
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Xh» radius of ti^a aesn oiroular bead on the laterally radi&ting 
bora, type "A." 

The percentage area cohered a parallel vire screen. 

( 100 ^^) 

A ooefricieat in the FourieivBessei series sethod of field cc«- 
putatlons. It io defined bjr Fonsula (A-52) , 

The short diiaeasion of the inner surface of a rectoagxtlar vavo- 
guide. 

The inner bend radius of the inner surface of the type "A" hoiTj. 
A coefficient in the ?ourler-3eesel series method of field c<»a- 
putations. It is defined ly Formula (A-55) . 

The maximum magnitude ef the harmonic at the aperture. 

The outer bend radius of the inner surface of the type ®A" horn. 
A coefficient in the Fourier~Bessel series method of field cota- 
putatiotts* It is defined ty foroula (A-58) , 

The diameter of a wire in the parallel wire filter. 

The distance along the mean arc of the bend of the type "A" 
horn. 

A coefficient in the Fourier-Bessel series met!x>d of field corn- 
putatlone. It is defined ly ForauLa (A- 59) . 

The shorter disiension of the inner s\irfaoe of tho waveguide 
Electric field strengtli 

The X caaponeat of tho electric field strength. 

The y component of electric field strength 

The longer dimension of the inner surface of a ractiuigular wave- 
guide. 
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the E plan© field pattern of aa 2 plsais flared eectoral hors 
determined theory or Ijr experiaoit&i investigation 
A Kaakel fuaotion* 

The free space wavs propagation constant. 

A design constant used in the design of the type "A** horn, 

A substituto variable defined by Eqmtloa (42) to raoiliteto 
algebraic aaoipulatioa. 

Area excluded froa th.® S plan® arr^* factor integration. 

Any integral mraeric&l value. 

Area included in the E plane array factor integration. 

A dlffractioii integral defined by Equation (A-4), 

A diffractiem integral defined by Equation (A-5) , 

A point of field neasursnent. 

The distance froa the origin of tbo coordinates to a point oa 
the radiating apertxire. 

The radial distance froa the origin of the coordinates to the 
inner radius of the aperture, 

Th® radial distance from the origin of the coordinates to the 
outer radius of th® aperture. 

The radial aperture distance 

The distance from the origin of the coordinates to e point of 
field E»astir«aeat. 

Refers to the aperture surface. 

The dlaensioa of the parallel plane filter sections in the 
direction of wave propagation. 
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Ths power trsiasa^itted through a filter grating in per oent. 

The center to center spacing of parallel wires or parallel 
planes. 

The coordinate direction in the S plane and normal to the 
K plane. 

The coordinate direction in the E plane and on th© piano which 
contains the aperture sui’face. 

The aperture distscice in the x* direction 
The aperture distance in the x direction. 

The coordinate direction in the H plane, normal to the E plan© 
and defined ty Figure II, 

Half the distance along the cord of the arc of the aperture, 
(Figure IV) , 

The cooi*dinate direction in the K plane, on the plane which 
contjiins the aperture stirface, and defined ly Figure IV. 

The coordinate direction normal to both x and y, and forms a 
right handed orthogonal coordinate system of sequence, (x,y,z). 
The attenuation constant. 

The angle of the asajor axis of elliptical polarization from the 
0 direction. 

The reflection coefficient. 

An incrementiil quantity, 

A differential quentity 

The base of natural logarithms. 

The polar angle from the a axis. 

Free space wavelength. 

The permeability" of free space. 
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3 . 1416 . 

The leflgth of « sectoral bora. 

Siianatlon. 

The longitudinal angle which has th® x axis as th® origin. 

The longitudinal angle for points in the y:y or aperture plane. 
The total flare angle of either type "A" or type "B** horns, 

2r (frequency) 
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I IriTROBUCTIQM 

Coacurrent with tha practical ®aployiaeat of Eicrowava fraqaari- 
cias, extsnsive theoretical and experijoiental wcrk has been accoxaplished 
in the field of using eloctroaagnetic horns as antennas* The theo- 
retical computations indicate that narrow beeia sectoral horns may b® 
constructed ly increasing the flare angle and ths radius. In the theo- 
retical part of this work the aperture diffraction method of computing 

(1){2)(3) 

radiation fields is currently the most practical prccadiure,' '' ' 

If it were possible to determine the current distribution on the inte- 
rior end exterior surfaces of the horn, the fields could be computed 
dlreotlyj but since this is not known, the aperture diffraction field 
method must be employed. However, when the computed radiation pat- 
terns of sectoral horns are compared with the radiation patterns ob- 
tained ej^erimentally, there is only general agreament. There are 
three reasons for the disagreement in detail in the field patterns* 

1, The theoiy neglects the current on the outside walls of 
the horn. 

2, The theory neglects the higher mode fields at the aper- 
ture. 

3, Phase error effects have been neglected in the field 
computations. The aperture was considered to be a con- 
star»t, phase radiating stirface in a plane. 

Phase error effects cause the main lobe of a horn of con- 
stant flare angle to undergo changes in width and structure as the horn 
length is increased. On the basis of experiments, optimum dimen- 
sions for E plane and H plane electromagnetic horns have been dotermiBod. 
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See Figtire VIII 



( 6 ) 



In order to obtain a narrow beam horn antaxma with moderate 
side lobes, it is necessajy to resort to excessively long radius sec- 
toral horns of small flare angles or to mploy dielectric lenses or 

metal plats lenses. However, dielectric lenses complicate the imped- 

( 7 ) 

aaco ji-.atching problaias and cause power loss, and aetal plat® leases 

( 8 ) 

are frequency sensitive devices,' ^ Thus, in order to obtain a narrow 
beam electrcjmagnetic horn with low side lobes it is necessary to con- 
promise one of the three advantages of horn antenaasj small theoretical 
size, minor matching problsas with low power loss, and wide band opera- 
tion. 

It is the object of this thesis to build an antenna with a 
constant phase radiating surface, experimentally and theoretically de- 
termine its radiating characteristics, experimentally determine its Im- 
pedance characteristics, investigate methods of pattern improvement, 
and present a design procedure for other investigators to follow. The 
horn will be designed to be as insensitive to frequency changes as is 
possible and to suppress higher mode fields before they arrive at the 
apertinre. 

This could accomplished by employing an antenna of design 
•ype Figure I or design type '•B* Figure V. These antennas employ 
the optical principle that eleetrojsiagnetic waves caaanating from a 
point source have a constant phase front which is determined by equal 
geodesic distances (or mean path distances) neasxired in a radial di- 
rection from the point source. 

It is apparent that the radiating surface is no longer rec- 
tangular in shape as in the case of the rectangular guide sectoral 
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horn, but is now a circular arc. This introduces diffioiilties in solv- 
ing the apertxire diffraction integrals and handling the oix>ss coaponsats 
(H plan© components) of polarization. In the process of solving the 
phase difficulty end minimizing surface current effects and higher mode 
field effects, the prohloa of cross polarization has been created. 
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II PROCEDlJjiE 



Develoggient of Theoretical Field Pattern Expression;; 

The aperture of ths laterally radiating ©lectroiaagnetic horn 
is formed along the arc of a circle* An asemptloa was aads that the 
field will vaiy sinusoidally over the arc of the aperture and that the 
fields are polarized in the radial direction. It was now possible to 
solve the aperture diffraction integrals to obtain the fields in space. 
The array factor describing the aperture geometry and lllmination could 

jr 

be easily integrated for angles of flare of the fora n on Integer. A 

change of variable was laade which had the effect of considering the 

straight line equivalent of the aperture. The results for the horn de- 

■» 

sign in Figure V are: 

Sin (ky Sin 9) Cos (ky Sin 0) 

E a + 0,00728 1 ^ 0^033 ^ (l) 

* Sin-’ 0 Sin 0 

An assumption of a linear equivalent source in the H plans was 

made to obtain an approximate field pattern for the S plane polarized, 

H plane field pattern for any value of r or 0 , If the linear equiva- 

lent soxirce in the H plane is assumed to have an S plane polarized field 

of 

= h 2? <=“* ^ <‘l 

''o 

which would be the approxiiaate fields resulting when the fields in the 
aperture were projected into the E plane, (See J’igxa“e IV for the defi- 
nition of geometrical terms,), the resulting H pleme field pattern was 

* 



See Appendix, Section B. 
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However, the diffraction integrals may be integrated directly if the 
geanetiy of Figure II is employed and the oiaplifying asGinaption is made 
that (r^^ - T 2 ) is a great deal loss than the averiige radius of the aper- 
ture » The assumptions of the fields at the aperture are; 
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Sin 0* 
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rosiilting in the field jjatterns in space being given by* 



®p9 * 



JkB^|2f^r^6r e' 
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Cos 0 [a(O, 0^) Jjkr^ Sin 9) 



00 



+ Sin 9) A(n,0J B(n,0)] -j[sin 0 C(O,0^) 



Sin 0) + *1 J^(kr^ Sin 9) C(n,^^) D(n,?0]| 
n=l J 



( 6 ) 



See Appendix, Section B, 
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Fonaula (3) v»s derived on tlao basia that the S plane pol&rlaed 
H plane field pattern is primarily a fnnctloa of the chord of tho arc of 
the aperture. It y&o possible to reason that the field pattern is de- 
pendent on a prodiict of a function of the flare angle and a ftiaction of 
the radius, Fortiulao (7) and (S) illustrate that the pattern is a sua- 
natloa of an infinite series of such products. This permits an infinite 
aiiffiber of cojabinations of 0^ and to be employed to obtain a given 
beamwidth. 

The Desi^m and Fabrication of the Horn 

fo obtain an aperture of given diieensions tuo paraaeters were 
available, the radius of the sectoral eectioa and the flare angle, 

KinstS' degrees was arbitrarily chosen as the Initial angle of flare 
since this presented on aperture exhibiting neasurable H plane polariaa- 
tion and gave a relatively wide aperture for a fixed sectoral raxiius# 
Also, reducing the flare eagle would be relatively easy should this bs 
desired, A sectoral radius was chosen to give a chord length of 16.7 X 
(for X = 3«2 ca,) in order to investigate the posslMlities of obtain- 
ing a constant phase across a ’Jdde aperture, Tho ninety degree bend at 
the eaad of the sectoral section was designed fron esapiricad data con- 
tained in ADRDE Research Report Ko. 129.^^^^ 



^(kr^ Sin 0) C(a,0^) D(n,0)} 
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born ”B" (Figiare V) was fttbricstod Ijr the Ccpporsmlth Stop of the 

Boston Mayal Shipyard under close supervision tjr the thesis Ee’sbers, 
Field Pattern Me&sxiregent Procedure 

Field pattern jaea«\ir«ssaeats were taken for five conditions of 
tom operation. 

1, The uacofflpeneated bom as described Figure V, 

2, The horn with & parallel plane filter located 0,318 ca, 
frcBB the aperture, 

3, The horn with a flare consisting of 0»31S ce, brass rod 
9,6 on. long separated ty O', 635 C2i« on cwiters in the 

K plan© and bent to fora a flare of 40° in the E plane,* 
(80° total sector or^le) 

4, The horn with 40° E plane flare and a paarallel plans 
filter located 0,0*79 ®a. frcsa the aperture, 

5, The horn with 40° E plane flare and a parallel wire filter 

n* 

located 0,079 cn, from the aperture. 

The field patterns were measured on cn audio automatic eateatta 
pattern recorder einilar to that described in Reference (34), The pen 
positioning system is given in block diagrem form in Figure VI and the 
overall test setup is given la Figure VII. The X band radar trsnEsait- 
ter could traasait either H plans polarised or E plane polarised elec- 
trosiagaetic ^ergy, H plane and E plane patterns were taken by shift- 
ing either the polarisation of the tranoaitter or the physical posi- 
tion of the hom antenna. The foui* principal pattaras were taken for 
horn conditicms 1, 2, 3, 4j but only the H piano polarised, K plane 

»e 



See Photograph, Figure 
See Figure X, 
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field pattern vas tekeaa for Condition 5. frequency of the transsit- 

ter was varied ia Condition 1 isi order to deteiiains the seasitlvito^ of 
the pattern to fr©«ramey changes, 

9t 1 1 ll&m ILol4 SmMiSSQ. £ £1^ 

Hare Ig S& ifea Hsei 

It was isportaat to be able to laake ua engineering ostiaate 
of the change in the field pattern when E plane flare vas added to the 
horn. The 1 plane polarised S piano field pattern of an £ plsme ©ec- 
toral horn detenainod either theoretically'*^ f expexlncataUy''^^^ 
wa« designated G(Q) . The aperture ifas then conoldereti to be a continu- 
ous arr^ of infiaitesiiual E plaixe sectoral horns* The array factor 
for this continuous &i*ray would be £^^(0 ) in £qiie.tion (6) evaluated 
for 0 ^ 0^9 The resulting E plane pattern then tecwe: 

« G(«) Spg (9,0) (8) 



The resulting field pattem siay be plotted ty adding decibel 
values. A comparison plot of the conputed born field pattern obtained 
in this manner with the measured horn field pattern was plotted on 
Figure XXII. 

Igt>edenoa Measurement Procedure 

Voltage standing wave ratio neas\ii‘enents were a&ade for the 
various horn designs using a standard slotted section of wave gxiide, aa 
esplituds modulated signal, a square lav czystal detector, and an £CA 
16EA a’aplifler to measure tJie output. A 2K39 klystron fiimishcd power. 
The probe depth was tuijusted for miniatEi penetration laid tuned for each 
frequency. 



Measureaeat* were made of the VSWR In the guide. Positions 
of the minima were determined for the horn vteradnated in space, with a 
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short circuit at the aporttire, and with a short circuit at the tlvroat. 
All frsqixfsxcy Koasureseats wore in a bajid frcua 8600-9400 Kcps* 
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The Prlnciw-X Field Pat tents or the La.tera.llv Radiating aieotroa&gnetlc 
with No Flare or Filters Added 

Xh® results of the field pattern tests of the hem are givssa 
Ijr the solid curves of Figuros XII, XIII, XIV, and XV, The K plane po- 
larized H plane field pattern reveals tlxat a 4,33® half power beaai with 
-20 db, side lobes vac achieved, but also that there is ecise phase dis- 
tortion ne£ir the right aide Icb® and einor asyaetriea in the pattern. 

The H p2.ane polarized E plane pattern, wMch theoretically should be 
zero for all values of 0, chows negligible vsilues of field otrength. 

The E plane polarized, E plan© field pattern gives a 24® half povasr beua 
width. The "side loboo“ are -7,8 db. end e generally ragged field pat- 
tern for values of Q away froa. the “ci&ln lobe" is obtained. In the 
H plane polar! zod H plane field pattern the two Kajor lobes are slightly 
asymetrical and the rest of the pattern is highly a^yrietrical in that 
the third side lobe is aissing on one side. This "cross ccaaponent" of 
polarization has a peak value of between -10 db, and -12 db. in accord- 
ance with loiaor deflections of the aperture of the hora. 

The Results of Varviag: Frequency on the E Plane Polari.zed ii Plane Field 

Figure XVI indicates a slight increase in half power beanwidth 
with fre<juencjr and a reduction in tho posJfc power density of the first 
side lobes together with considerable distortion of the field pattern be- 
yond the first side lobe. However, the general' sy®*aetry of the icain and 
side lobes is aaintained. 

The Results of Cg-aoarlmt the Experinen tally Deterralned Values with the 
Ccamted Values s£, the Field Patterns in the ^ Plane 
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The ciaaputed Yalues dstersalhed ly the lins&r eqiilvaleat sovu'ce 
aethod and the j?ourier«Bossol eeries aethod are plotted on Figtires XVIZ 
and XVIII, Foruula (i) gives close coi*ollatlon vd.th measured K plau® 
field patteras but it is not included in th© results section. There is 
excellmt agreement bstwestfi the ©xperlcientally detorxalaed and theorati- 
oally deterained values of tii© half power points of the main lobe in 
the case of the E plistae polarised field pattern. In the case of the 
H plane polarised field pattsm the peak power points and th® half power 
points of the %\to saia lobes are in agroeaent with th© coEiputed values. 

In th® cae® of the E plctne polarised fields, the Fourier-Bessol series 
gives a good indication of th© angle at which th© first aide lobe will 
appear. The linear equivtslent source Esthod gives a better approxina- 
tioa of the magnitude of the side lobes, 

A C-Qftp&glaQa st ^ IWd 2t 

Sl.ontrota&isme.tlc. Hora. A £1^ lUiSL 

The parallel plane filter porfoiTaed its function of eliminating 
th® H plane polariaation froa the radiation field, A loss of peak power 
density of 1,3 db« together with a distortion of the side lobs pattern 
was experieiicsd for the H plane pattern. The E plan© pattern was aioo 
distorted in the side lobes, but there was no change in half power bosa 
width and only a slight change in the relative peak power dsnsity of 
the "side lobes,” 

The Reaulta o| Adding ^ ^ E Place Flare to the Horn 

Figures XIX, XX, XXI, aad XXIX show the results of adding a 
40° S plan® flare to the horn. Minor altorationa to the negligible 
H piano polarised E pi^u^e field pattern results. The sjiiasetiy of the 
H plane polarised K plsne pattern was iaprovod soaewhat and aiaor 
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alterations occurred in the Es.in lobes. In the S pijme j>olariacd 
H plaau field pattern a slight increase in half power besaa width oc- 
curred when tha floro was added and the peai: power deaait;/ of the first 
side lobes dropped to -22,2 db, A significant chi-ng© occurred in the 
E plane polarised £ plans field pattern. The half power beoawidth tn- 
creased froa 24 to 31 J tha overall bacr pattern in narrovcrf and the 

Bide lobes are nonexistent. "Side lobeo*' at angles less than -30^ end 

c 

at angles nora thesn+30' hava bean tlioroaghiy suppressed. 

St iSL iklE 

ISlmilMss. 

Figures XXIII, XXI'<f, XXV, and XXVI danonstmte the results of 
adding a parallel plane filter at tli® aperture of the hora with a 40® 

E plane flare, A lalnor ehajige in the negligible H plane polarieed 
B plane field pattern resulted . The parallel plans filter reduced tiii® 
"ci'oss ccapoaont" field pattern 19 db, carding ainor variations in the 
E plan© polarised E plane field pattern. For the E plaits polarized 
H plan© field pattern ths first side lol>es occur at -27.8 db.j the sec- 
ond side lobes have a peak value of -24,5 db, and are 4 ts 72 caotX'ical, A 
slight iacreasa of belf power beam width froio 4,5® to 4,7® also occurred. 

M M Mlzs. ts. ths. Mg?. M tlsss. 

Flare 

Approxiaateiy a -10 db, attonxiation was achieved In reducing 
the * cross component** of polarization l|r using the parallel wire filter* 
See Figure XIVII. 

A st iM ssM Us&sMsd SMA M ^ t 

Figure XXX is a correlation of computed nad measured values of 
the E plisiie polax’iaed, E plan® field pattern and includes a graph of the 
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computed TttludS of pfcag© shift eacounterisd wheu the origia of the flared 
section is mplcgred as tho origin of the ooordlnateg* The slopo of the 
pirns© shift curve indicRtos that the center of radiation of tills par- 
ticular horn Is 32«6 aa.* froa the origin of the coordinates and on th® 

X axis. 

Figure XXXI is a con-elation of ccssputsd end aeasured values 
for the E plane pattern of tho horn with 40 ^ E pica© flare. 

A Plot of EHiptloity of the UnccgiP6n.sat'Sd Elect roisaignetic itom 

Flgura XXVIII is a plot of the theoretical elliptioity of tho 
H plane field pattern. Also included is a plot of the measured mgnl- 
tudes with theoretical phase values for positive values of 0. (? * ^)» 

Slgvir® XXIX is a plot of the tlicoretical elllpticity and measured aag- 
nitudes with theoretical phase values for negative values of 0. ("g ^ » 

The aagttitadss of the power densities In these eilipticsU^’' polarised 
waves is given adjac^t to tho plotted points. Those graphs include only 
the fields in the main iol>e locatod oa the H pisriO. The derivation of 
tho use of tho Ssaith Chart for this purpose is given ia Reference (13). 
laredance Me&surgments 

The results of VSWfl tests laade for tho five horn conditions 
are ahovm on Smith cherts. See Figures XXXXI tluroi:gh XIXVH. 
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Gee Appendix, Section B for detailed inter-pro tetion 
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IV DISCUSSIQM gi RE3ULYS 

SYaIuatlo« of the Acc'oraay of P'abricaitloc o.f the? hateralXy Radlatiag 
Ham 

The ej^ymetrie® in the side lobo p&ttoras in the H plane 
fields indicate that highly refined icechanical eycajetr/ did not exist. 
Althoiigh lainor phase distortions were present in all of the H plane 
patterns, correlation cu^r be achieved betwecai an ideally oonstructad 
hom and the horn «aploy»d. Therefore, the fabrication accuracy of the 
liora is considered adequate for the purpose of this thesis. Improve- 
Bient la parfoman.ee might bo achieved ly aleotroforKing the horn or con- 
structing the hom of aluminum alloy with an improved horn bend shown la 
Figure XI in order to improve Btructural rigidity. 

A further meaoure of the accuracy of fabi*ication say be aiside 
fcy eonslderlng the H plane polarised, S plane field pattern in Figure XIII. 
The theoretical hom woxjld give a sero field pattern for all values of 9, 
and in the physical horn all field strengths are negligible. Therefore, 
a high d^ree of symaBtry was present In the hom and the hom was pi*op- 
erly oriented with respect to the incident wave polarisation for the field 
pattern teats. 

gvcluatloa of the Kethods of OemputiaK Fiel d Patterns 

The change of variable method esaplcyed to obtain the H plane 
field pattern for the K plans polarised wave la highly accurate for ob- 
taining field patterns of a sectoral hom that has a 90° H plane flare 
at the throat. The expression is eaiy to evaluate. However, it la 
limited to ~ sectors. In general design work Formula (3) is receaisaanded 
aa a first approxiication to the field pattern. Formula (3) has the ad- 
vantage that say value of fl«ire angle or radiue may be employed to give 
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tho designer a first aetlaate of pi^'^sical size. Figure XVII indicates 
the linear e^tiiYaleat source aethod gives acourate values for the half 
pover beam angles and good results on tho nagnitudos cad angles of the 
first side lobes. 

The derivation of the Fourier-Bessel series fsethod involved 

slightly nore refined appro xinatioha. It gives the field pattern for 

all values of R, 0, and 0, and it should prove to bo the Eost useful 

Eethod of coaputlng the fields. As a reeuit the calculated elllpticity 

of a given design of laterally radiating horn Eoy bo plotted ly Saith 
( 12 ) 

ohart Edthods,' ' The Foxa*ier-Be8sel series gives accurate results 
for the half power besua width and the angle of the first side lobe to- 
gether with apiircxiaate values for the ffiagnitude of the first side lobe 
and aiigie of the second aide lobs. 

Formulas (6) end (7) appear to be foraidabie infinite series 
of Bessel fuactioas, but a study of the coefficients given in fonBulas 
(A-52), (A-55)# A-58) and (A-59) reveals that the V4slues of A(n,0^) and 
G(a,j^^) decrease very rapidly with increasing values of a if 0^ is a 
Eoder&tely largo value. For this antenna tho coaputaticas did not ia- 
voive Bessel fxmctloas of order greater than 6, In addition, no single 
field ccaaputatlos involved Eor© than 4 orders of Bessel functions. The 
references^ had sufficient values of the orguaonts of the llessel 
functions end tabulated that all sectors of the ii plane field pat- 

terns tliat were of interest could be plotted. The H plane polarized, 

E pljine field pattern becomes zero both throx:igh s^nraaotiy concider&ticas 
and through the coefficients of the Bessel functions being all sere. 

In the E plane polarized, E plane field pattern a sector of 
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oaiy 40 ® cculd b© plotted sinGs th® Eai-vard Univex'sity series of tabulitted 
v^uss of Bassol functions did act list ez’gvaneats greater than 20, Vhen 
ft nor© eosplet© set of Bessel f’jpnction ralues is published, it vlll be 
possiKLe to plot the S plan© field pattoms throu^jh a vider range of 9 
values. About fiv® hoiirs of coiiceatr&ted effort is roquired to evaluate 
one field pattern. 

The Effeotlveaesg of the farallgl. Flaae Filter 

That the parallel piano filter ffiaployed. was overdesigned is 
evidenced the abseric© of any H plan® polarised radiation in figure XV, 
It was designed this waj' la order to deterslne the affect on horn iatped- 
aaoe when the cross oafaponeiitB of polarisetioa were cospletoljr elissiaated. 
Because the clisiiaatioa of th© cross coscponents was accoapanied ly cnly 
sadnor decreases in pealc power and slaor variatioae in the field patterns 
of the E plane polariaed coapoaents, th® parallel plane filter is cou- 
sidorod to bo en excellent method of reducing or elimiaatiag elliptical 
polarization. 

The Results of Var/'inr. Wavaleogth in the Field P&ttemx Tests 

The laterally radiating hom is not a frequm<^ s<sisltive i*a- 
dlator. See Figure XVI. This was der.onatr&ted ty the results of vary- 
ing the frequency froa 9380 laops. to 6860 meps. The expected phencuesna 
occorred. The lialf power beam width iaorensed slightly due to a reduc- 
tion in aperture length mer^sured in wavelengths. The angle at which 
th® first aide lobe occurs increased and th® magnitude of the first 
side lobe decreased. There was no large alteration of the shape of 
either the mjor lobe or the first side lobes, Corredatloa of the re- 
sults in the side lobea beyond the first side lobe depends upon a knowl- 
edge of th® variation of the horn geometry from the ideal and a knowl- 
edge of the magnitudes of the higher mode fields. 
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A Coaoiiriaon of tha laterally llom Field Patterns \rilth ai^d 

without a P&gfellel Plane Filter 



A check on the syssnetry of the assesably of horn and filter 
froia the field patterns reveale that ^Tsasaetry is good* 

That the peak power of the nain lob© is down 1,5 db. Indi- 
cates that ths filter at this fro< 5 us«iCiy is raflectirig or dissipating 
ec«ie of the energy. That higher zaode fields are being generated in 
the filter is evidenoed the fact that the iiaif power beam vdLdth is 
increased in the E plane and the oido lobes are i&ore prcaaiaent and at 
a higher level. See Fig\ir© XII , This particular point could be a 
field for fuarbher investigation, but the ragged side lobe pattern with 
high peak values indicates that not much could bo gained from an at- 
tempt to iaprove the E plane pattern throxagh th® lise of this filter 
alone. 

Computed Design. Curves 

Although the design formulas were developed in this thesis, 
there was not enough tine availatle to ccsapute a full set of laterally 
radiating bom design curves because experimental verificaticsn of the 
theoretical field patterns was essential. Further investigation of the 
H plane half power beam widths, the H plane side lobe level, the E plans 
half power beam widths, the peak level of cross polariaation, and the 
ellipticity of th© fields in Fraunhofer space would be desirable. Plots 
of these quon titles could b© made as functions of and 0 , If th© 

At Q 

elllpticity is of interest, plots of this quantity coiold be made on the 
( 12 ) 

fkaith chart,' ' S<»ie of the points could be verified experiasa tally , 



The H plane polas'ia&tion was practically eliminated from the radiation 
fields. 
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A Comparison of tha Field Patterns of the Kora •vdtb and -■fitboat a 40^ 
Pe-rallol Wire S Plane Flare , 

A chock on the H plane poiarlaodj, E plane field pattern with 
and without E plana flare Indicates thsit sjanetiy is good. 

It was consider od that the addition of parallel wirou in the 

E plane woisld cause currents to flow along the >d,res la the S plan© aad 

thus force sore energy into the £ plans polarised fields. This was not 

aeasurablo in the field patterns. Since t’ne center to center spacing 

of the flare wires 'mub 0,198?. e.nd the diaseter of the flare vriLres was 

about 0,099a only about 1 per cent of the aoraally incident radiation 

should pass through the flared section for E plane polarised energy and 

f27) 

H plane polarised energy should jsass through oaly slightly attenuatei. ' 
However, since laaldenc© of the energy^ on the sides of the flare is par- 
allel rather than aoraal, little energy of H plan® polarisation should 
pass through the flare wires and it will act as a pure flare section. 

If the wires were spaced farther apart, there would be larger lose of 
E plane polarised energy through the vires, and the wires woxild no 
longer provide the results usually obtained ty flsilng with solid ae- 
tallic stripe. 

In general, th® addition of 1/8 Ijrch brass rods spaced 0,635 
on Centers in the H plane and flared in the E plane at an angle of 40^ 
resulted in the affect of adding pure flare to the horn. Actual iia- 
provtoents in symetry resulted in the H plane field patterns. 

When E plane flare v&b added a moderate increase in gain was 
realised and there vrcis on increase in H plane half power boa» width. 

In the E plane the “side lobes* ware severely attenuated so that only 
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one lobs of a/iy consequence, was left. That the half power heasi width 
of the f. plane field psittera was increased \rj adding 40^ E plana flare 
indicated that phase distortion at ths flare aparture ie a probloE., A 
aei'ies of experisieats could be conduotod similar to those of 
D» S. in which flare was added and the field pattarns meas- 

ured for various lengths of flare in order to detemiao the optinuse 
flare angle and radius of flare* This could be doae foi‘ the laterally 
radiating horn* 

A Coa;i^lsoa pf the ?lel4 Fattoi^is of the horn with 40° ^ Plane yx&re 
cad a Parzillel Plane Filter , 4 t, the Aperture sad t^e. F ^eXd P&tterna of 
jthe Hora with 40° E Plane Flare and So Filter at the Agartm-c 

From the field patteme it can b® generalised that gyisaiotiy 
was good. The parallel plane filter was effective in elisuuatlag 
H plane polarisation, 

SkoII varlatioue in the E plane polarised, B plsn© field pat- 
tern *ight result freaa higher iiaode generation in the filter. The S plane 
field pattern is e’afficiently well foraed that it could meet 31° Ijolf 
power beam pattern specif icaticas with extreiaely low side lobe levels, 
whether the filter is csiployed or not* It m.j bo coacludod that the 
parallel plane filter does not siateriaUy affect tho B piano field p&t- 
teni. 

Of p&rticvilar interest is tho fact tha.t the 21 db, side lobe 
level of tho flared horn was reduced 7 db* throxigh the additioa of the 
parallel plane filter at tho aperture* Even though thsx'e were minor in- 
creases in the second side lobe levels, nonipulafcicsi of the variabLss 
in the filter design Blight reduce both the first cjcd second side lobos 
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to ft sorTametriccJ -27 db. side loba pattern. In the experlsiental process 

of nanirnilfttlng these varloblea^j it would be aeceasaay to isske Isspediiacs 

studies oa the hom &» well as field pattom stiidioa, A theoretical 

analysis of the hishor isode genoraticn at ths filter any b® possible, 

tf. D, cottoluded that the appearaace of order laodss in a 

grating of largo spacing traa undesirable when the grating ms aaplcyed 

(27) 

as a beaa fornlng reflector,' ' It w&s discovered tlmt xxadev tho con- 
ditions of this exporlaent the apj^ear&jic® of higher order nodes at the 
widely spaced gratliig eisj’' be «a|iloyed to iaprore the S plane polarized^ 

II plan® field pattern. 

The result of the investigation of the presence of higher or- 
der modes sight be that the devalopaent of favorable higher snodevn uey 
be dependent upon frequency in which case tiie first side lobes would 
vary with frequency. 

The Sneolflcatlopc Fulfilled ty the Koyn with ^ S Pl&ae Far&llel 

Wire Flare gad a Plane Filter 

Considering the field pattertis for the horn with 40*^ 

E plane flare and a parallel piano filter la Figures XXIII, XXIV, XXV, 

and XXVI the following specif icatioas have been xaoti 

o 

1, A Iialf power beoat width of 4«5 in the H plMie, 

o 

2, A half power been width of 31 in the F. plena, 

3* A eido lobe pattern in the S plaae which has one aide 
lobe at -19.2 and the other side lobe at -24 db. 

4. First side lobes in the H plane at -2S db. 

5. Maximuci second side lobe In the K plfune at -24.6 db, 

6. Negligible eilipticlty. 
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h Plaa,€ Folg^ised Fieldg 

The parallel vire filter ca\ie«d only ainor changes in the 
E I>lane field pattern, but It vas «ufflci®ntiy effective to redtice tlie 
II plan© ccaaponent 9 te 10 db. Frojs assiaaptloas aado in developing the 
attenuation curves £ 1*03 parallel plan© vaveguido theoiy, the attenua- 
tion measured uno a great deal more than the computed values. The par- 
allel plane theoiy cj^ts the scatteriaig effect of the vji.r©s which ie 
important* An eaaplrlcal formtila. was developed Igr W, D, lisyes''* * ^Tou 
•xporiaeatal evidence. This formula gives accxirate results* Eqiiatioa (9) 
yielded an att«auatioa of 9*86 db, when the parallel wire filter pai'anoters 
were substituted. 

The followiag equation laay be employed to obtsd.u the attea\ja- 
tlon of the H plan© polnrised coapoaeat when a parallel wire filter is 

used. 

Log T » 0.0917 A + 12,6 I -7.06 (9) 

A si SM ^ IsiMS of t^e 1 pi^e. sisM. 

PAt-lam si Mis. USSR I Hms. 

An error of 15 per cent exists between the aeasured and com- 
puted values of the t»lf power beam width in Figure XXXI, This figure 
also dmoastrated that a rough ©stlraate of the beam pattern can be 
aade by «*iploylag the pattern coaiputatlon. method given ly F»cuation (8), 
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ftdfeltttuica Characteristics 

The Uacoapen gated Horn ( Condition 1) 

Admittances ia the frequency range from 92.66 to 86l6 mcps, 

(7*5 por cent band) were transferred to the horn tiaroat and plotted on 
a ^Ith chart. See Figure XXXII* 

lavostigatioa of the plot indicates that there is a frequensiy 
ineensitiwe cosponaat of T , it is concluded that this compoaeait, de- 
noted f ia due to reflection at the throat* This mismatch appears 
to be induo tiv»j which is to be expected for the ii plane flare* Q « 
0*0726. This compares with » 0,03 neasured by J, E, Riser^^^^ for 

a horn with 30 degree K plane flare, was then subtracted from the ad- 
mittances which were then transferred to the horn aperture* See Figtire XXXVII, 
The neoimnical length of the l^iora is approximately 44 cm. If the 
change of frequsaic^'^ required to cause a rotation on the acith chart is con- 
sidered the virtual length of the horn is determined as 

(dfO • v,tr.. 
a a 

where 

s rotation around the Seiith chart, 

^2 * wavelengths of the two frequesicles, assumed to be 
in free space. 

The mean of these computations indicates a virtual horn length 
of 51*9 cm. At a virtual length of 51*2 cm* the minimum spread of (at 
the apert\ire) was noted for a variation ia frequency. /7 indicates that 
the aperture admittance has a caj^cltlve susceptance which is to be ex- 
pected, 12 = 0,179* If tho aperture is considered to be the some as 
TSf< propagation through two plaii© parallel plates spaced 1,02 cm. theo- 
retical computations indicate f2 » 0,322,^'^^^ 
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Anjr coaponsmt of refloction due to a misa&tch at the 90° bend 
Is not discezulble fzm the data obtained. 

The Horn with Parallel Plane Filter. Ko E Plsjie li^are (Condition ^ 
Adiaittances in the frequency range froa 9349 to 8729 acps. 
were transferred to the horn throat and plotted on a Sisith chaz*t. See 
Figure mill. 

^ of the Boiae order of magnitude &a that for Condition 1 is 
obsenred. The admittance plot follows the same contour except at the 
lower frequencies. The filter is in effect a cut-off wave guide for the 
K plane components of E, That it is effectire in shorting out these com- 
ponents was apparent frc«a the field pattern. 

11^ hgm with io° £ jg3.M.a Adde^ ^ LQga.41U?.a 

Admittances in the frequency range 9343 to 8608 mops. (8,5 per 
cent band) were transferred to the horn throat and plotted on a Soith 
chart. See Figxire XXXIV. 

Q similar to Condition 1 was observed. 

The admittance plot indicate* that there is a condition of 
resonance in the horn. The rates of rotation of X for different fre- 
quencies indicates a virtual bom length of 51 cm. fl has been re- 
duced at the higher frequencies and Increased at the low end of the 

band. For the length of E plane flare employed, 9,3 cm, (~3X), it 

(39) 

would be expected that the aperture la well matched to space. 

The resonant element is probably to be found in the wire rods (spaced 
0,635 Cfl. on centers) used to obtain the E plane flare. It had been 
hoped that these irods would provide not only flare, but also would 
serve to eliminate the H plane polarisation in the field pattern. 

Since this was not accomplished, E plane flare could be obtained using 
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solid sheet* U plane polariastion is beet eliminated ir/ employing on© 

of the mode filters. The horn diaiexiBicns cotild be adjusted to give the 

( iO) 

best iapedanc© characteristica as is dona with n compound hom.' ' 

IM llom. i4tfe 1 ilms. I3M&f IUlS£ jcoa^iga il> 

and with 40° 1 Plane Flare. PArjiUel Wire filter CCoadition ^ 

The admittance characteristics for these conditions follow 
those of Condition 3* the filters appear to i^.ve no adverse effects 
on the admittance characteristics. 
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V CONCLUSIONS 






1. The Laterally radiating electrosiagnetlc liom has a ra- 
diating apa'ture in a plan© surface and the surface is 
fonaed along an arc of a circle. Tliis plane siirface is 
also a plane of constant phase* 

2. The E plane polariaed, H plane fields can be computed ty 
means of a linear equivalent soxxrce or a Fourier-Bessel 
series. 

3. The Fourier-Bessel series method can be eaployed to com- 
pute the fields in Framhofer space for all modes at the 
aperture. 

4. The addition of E plane flare to the laterally radiating 
electromagnetic horn will result in increased gain, but 
the E plane half power beam width may increase, 

5. The addition of a parallel plane filter will eliminate 
undesirable H plane polarization. 

6. The addition of the parallel plrme filter can reduce the 
first side lobe level in the H plane field pattern. 

7. The parallel wire filter is also effective in attenuating 
H plane polarization. This attenuation may be approxi- 
mated by an empirical foraiila. 

8. When the frequeaqr is decreased the E plane polarized 

H plane field pattern increases in half power beam width 
slowly, increases in angle at wliick the first side lobe 
occurs, and reduces in the magnitude of the first side 
lobe. The general contour of the beam pattern is unchanged. 
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9. The main lobe of the uncocipejisatad laterally 1‘adiattng 






eleetroaie^etic. horn is linearly polarized in the 2 plane, 
and right elliptically polarized to the right of the 
E plane, end left elliptically polarized to the left of 
th® E plane, 

10, The Hlesatch of the tmcoeapensated horn at the throat ap- 
pears to have components due to lumped adEittanceo at 
the horn throat and aperture. The throat component can 
probably be eliminated by ro;inding th® transition at the 
beginning of K plane flare, 

11, The id siaatoh at the apertiire may be reduced 'trj aapioying 
E plane flare vhich is also desirable in tonss of the 
field pattern. The use of vire rods to obtain this flare 
apparently causes a resonance in the admittance charac- 
teristics, Since these rods are not successful in elim- 
inating H plane polarization a sheet E plane flare should 
b© used. For best ediaittence ciuiracteristics the horn 
should be designed as a compound horn vith cancelling re- 
flections over tho band desired, 

12, The use of mode filters at the apertiire to eliminate 

K plane polariaation does not have any characteristics 
vhich affect adversely the admittance characteristics, 
Vfhen designing the horn their effect over th© frequency 
band ahoiild be determined and considered as a means of 



minimizing 
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The foilowiag rocoeassidatlons are preheated: 

1, A complete set of design graphs could be juado of main 
lobe half power beam widths, first side lobe magnitudes 
and angles at which thag^ occur, the sjnplitude of the 
"cro8S polarization" lobes in the K plane, the £ plane 
half power bean pattern, and ellipticity patterns for the 
unecaapensated laterally radiating horn. The Fourier- 
Bessel series method of oonput&tion could be ^ployed. 

2, An experimental investigation of the affect of various 

B plane flare angles and lengths of flare on the £ plane 
field patterns coiild be conducted. 

3. A thorough investigation of the effect of varying the 
filter parameters on the field patterns and the iupedance 
characteristics of the horn should be made. It should be 
determined whether the higher order modes formed in the 
filter are sensitive to changes in frequency, 

4. An investigation over a irirger Imuid of frequencies, per- 
haps 20 per cent, could bo conducted to determine what 
positions of beginning of E and H plane flares, bond, and 
mode filter gives the best impedance characteristics. 
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Yhft Fraunhofer Diffraction Theoir A^aolied to the Laterally P^diatla,? 
Eleetroaggneilc Horn 

In order to dotenalas anal 5 '’ticaliy th© pei’foraianco of the honi, 

th® first step is to develop the integral field equations applicable to 

(30) 

the Framhofer region of space. These ocuationa have been developed ' 
and vill be integrated to obtain tha radiation pattern of the horn. The 
coordinate system is given in Piguro II, 
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Where a Is defined by the relationship, 
H = a(G X E) 
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In order to integrate the field expressions it is necessary 
to make a valid assmption of the fields existing at the aperture of 
the horn. Consider the later-ally radiating electromagnetic bom as an 
H piano flared sectoral torn with a gradual E plans bend of low curva- 

(31) 

ture as illustrated in Figure I, The fields in the sectoral horn' ' 
for tho geometry in Figure III aro given lyi 
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E^^^(kr) aad H^^^(kr) are liankel functioaa of the first and sec- 
ond kinds rospectiveJ^* Because onl^ large flaro angles and large radii 
will be aaplqyed in this investigation the as^riptotic expressions for the 
liaakel functions nao^ be eEployed, 
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Equations (A-9) and (A-IO) indicate that the equiphase cuid'aces 
are separated tgr free space wavelength aoar the aperture. Considering 
only the solution of the wave traveling In the positive r direction, the 
fields at a fixed radius, r^, froa the origin in Figure III becone: 
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Because the laterail^” radiating clectrc®agnetic horn design in 
Figure I has a constant mean path length between the origin and &X 17 point 
on the aperture, the aperture can be considered to be a surface of con- 
stant phase with a distance between constant phase surfaces in the trav- 
eling vsave of fi'ee space wavelength. These constant phase sxirfaces lie 
in a plane, bit the surface is fixed \r/ geccetry ns an arc of a circle. 
Consider the aperture arc in the coordinate syst«a in Figure II, S In 

y 

Figure III becomes in Figure II j in Figure III beocsaes in 
Figure II j and in Figure III becomes in Figure 11. The field ex- 
pressions near the aperture become: 
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At moderately large values of r^ 
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and approxiaiatoly free space wave impedance exists at the aperture. The 
field cmpoaents which lie in the aperture plane can now be written as: 
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FroQ Equation (A-13) the values of the x aad j ooxaponents of the 
electric field intensities can be written. 



Higher oilier II modes may exist at the aperture, but these will 
be considered later. 

The Lineal* Equivalent Source Method £f Daterxainln.g the E Plane Polarized, 
H Plane Field Pattern 



aethod of approach yields simple expressions for the field patterns, the 
linear equivalent source method will be presented first. The gecraetry of 
this linear equivalent source is given in Figure IV. The assxmed fields 
in this linear equivalent source are the fields projected from the arc to 
the line. 



may now be computed first substituting Equation (A-24) 
into Equation (A-4) 
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Because this pattern is of primary interest and because this 
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After integrating Equation (A“26) bocoaess 
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Bqiiation (A-28) vill give highly acctu'ata values for the half 
power bean widths, and cioderately accurate results for the peak power 
densities of the first side lobes and the angles at which the side lobes 
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Linesir equivalent source aothods used in coaiputing the other 
three principal patterns in the H and S planes are highly inaccurate. 

If the fields are assumed to be projected directly without factors 
which take into account the curvatxire of th® physical source and the ef- 
fect of eqvdvrdLeat area variations with cunrature, then the integrals 
will result in functions which have the goffic s/osaetry, but erroneous 
relative magnitudes. 

The Array Factor Applied to the Antetma, Tim B 
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This changes the variable of integration to on integration with respect 
to y, (straight line equivalent) . 



F a 






[(£ °-e °)(a'^y^>2)-.2ey^(h e °) ] 

(A-33) 






2 3 
r a 



Which reduces to: 



fsin ay , 









j k Sin 9 rj k Sin 9 r^ Sln^9 
av av 



-) + 



Cob ay. 






^ L-r^ k^" Sin^9 
av 



(A-34) 



4- 






sf ^ao-U ’-‘O'u 



.t.'iA^vfarfw 'XM 3 L 2 



r*-* 



.^t^jvohat ^'i‘j|lrl «T.v» w#-0:*q 1 ia« H 

d&D j>«edi-4v »sf oJ **sa e&J.oi'l 06^ iX 

♦ I# ^ i<iA i40ilff:|[ •M -C •■2ittrtiru.t» a-ij’ ii*nl <t>JLx!« 

« 4 # ,*?«K**/Tru^ 1 - io«l 

fud %iinr> «vwl arauU^cuLrl si iX;;«aT LLtjf 

itsjt xummm.m.isU^iaialLmakta. 






•eO 0^1 . ^ 

0 

X = % etc t? • A 

IMi^OfCf iff tt>ic>’*i,‘35il rti 41 









«i#lr 






VC 

y ’ 

4 ^ciV 

• nlC Jt • « 

’ipist a* tf efti wvjeaiir sbr? 

. (ImJ *vl**?* a-fslX ,f oi 

oVi 



L (• »♦' *-• a)jrt' - 

4 # 4 . 



:«i^ rw « ii i ii 4 'i iicl^li 



+ (”" ,f -V ^ / 

6 *% 1 - ^ 3 i ■> f 



, - 0 > 

^ — A fS * 'i 



% .1 

V4 



0 iJk r I 



-Mi 



r 



.V 



IT v«lw * 1- 

V* 



V ^ 

XL- + 

t 



f 



73 



For th« dlaensloas of the horn this reduces to? 



F 5= + 0.000728 



Sil l ®) 
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The Fotirier-BesseX Seriee Method of Field Pattom gvfU.uation 

Goaverblag Eqxiations (A-4) and A-5) into an integration in tt^ 
sy plane in plane polar cooi*dinates ly sieans of the reiationshi.ps t 

X * r* Cos (A-36) 

y s r» Sin 0’ (A-37) 

the diffraction integrals become 



H 
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f S 
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Solving first for M wo must substitute Equation (A-21) into 

A 



Equation (A-38) . 



»x = ®l 



r 2 r ‘ Cos Sin 8 0o» 

(A-39) 
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Integrating first ’-rith respect to 0 * can bo accomplished employ- 
ing the expansion t 



+ ® 



^Jur Cos (0-0') = ^ J^(ur) 



(A-40) 
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or l^r the approximation 



Cos (0-0») = 



(A-a) 



Either method yields extr«aely coaiplioeted formulas that cannot 
be integrated with respect to r’ readily. 

However, Equation (A-39) be integrated first with respect 



to r* 
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M = k Cos (i2f - 53'* ) Sin Q 



and evaluate limits. 
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Sul»titute iSquatioa (A-46) into Kquation (A-45)* After aa elirdnation of 
teraa of higher order than the third power of 5r, the equation becosses* 
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Because H appears in the terjsa which are also a function of r, it is 
necessary to resort to only a first order approxination to the field pat- 



tern. Substituting Equation (A-42) into » 
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Bsploying the identity* 
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and the obvious trigonometric identity; we obtein 

+ 00 

2i» 6) 

a«~oo 

[Cos n0’ - j Sin n0«] &0» (A-50) 

Because the limits on the integrals are syaeaetrical; the Integrals having 
odd functions integrendg will be aero. After integrating and evaluating 
limits; Equation (A^SO) becomes: 




■*• 00 

Sin ©) 0^) 

n«-oj 



Where 

A(n,0^) 



0 

Sin(^ + l + n) 




Sln(^+l-n) 
!-a — 

'^o 




+ 




(A-51) 



(A-52) 






4# aju, .Til ^ j ^'1 

„c ^ ^ ,»j,,,ji> . j, 

(%|..|; ^ . Jfcl 

& 






•% *■ 






l'%- H) «%0 ► «!» ,«l 

" a 



*' 



ts.-»r 



•«(# friM, 

QO » 

U Aia ^ia)^x3 *i a 

w - <xr-*a 

w“ 

■Hi 

i/W A^b 

10^^ »i^Tl^j(.l *^- « ♦(.adt j r>« m94 wb *i LiO. I «• j wmiM^ 

bA« ;i^IJ«*^a#«bI T0fUA .•«■« tl|w A*>iurts0jM^ hto 

tmam&A lc^>i) diit4ici< ...iiuu 






» < 






%0 .1 



i 



0 Ae- 4 > 



a? ^ j. 



V (:> - i *' 



-|> 



J- 



“ 7 " • * ^^ -‘ ** 



M ^ 

V ■*-(»» 

a ^ ^ — .wa— 



Ssiploying the identity 
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Equation. (A-51) becomes 
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fho ocwiputation of K ly direct integration may also be accom- 
plished ty substituting Equation (A-22) into Equation (J.-3S) and repeat- 
ing the steps from Eq\xatioa (A-39) to Equation (A-50), 
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Because the limits on the integrals are synuaetrical, the integrals having 
odd function integrands will be sero. After integrating and evaluating 
limits end snploying the identity given in Equation (A-53)> Equation (A-56) 
beccsaes 
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expreas the fields for any point in Fraunhofer space. As a result of the 
approxisiation oapl<^ed, these formulas are limited to th© case when the 
aperture distance in the radial diz'ection is small in comparison to the 
average radius of the aperture. However, we may apply the continuous ar- 
ray factor concept to the aperture to obtain a better approximation to 
the E plane fields that will result when the E plane fleire is added to 
the laterally radiating horn. 

Employing the Array Factor to Obtain the E Plane Field a of ^ large 
Aperture Horn 



is zero in the E plane. Consider the field from the differential radi- 
ating elment in the apertiire in Figure IX to be given the Fourier- 
Bessel field pattern equations. Let hr become 6x* and integrate in the 
X* direction. 
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After integrating, evaluating, end letting 
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the field expression becomes for 0 = 0° 



Sin(iTi2oc*^ Sin 9j 
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Sin 0 



In this Integration the area M was excluded and the area K was 
included although it was not phyaically in the aijerture, Hovrever, in the 
Eajority of aatenni^.s of this type errors due to this approximation are 
negligible because the fields in the ends of the aperture are very small 
in magnitude* 

The Fraunhofer Field Expressions for R. _ Modes at the Aperture 

~~lfV 

Ih® radiation ftalda for nodes of higher order than nay bo 
developed ly employing an identical procedure as that employed in the de- 
Telopment of the Fourier-Bessel series method. Because of the narrow 
aperture dimensions, the E modes are attenuated before they reach the 
aperture from the bend. Sy symmetry the even ordered ^ modes cannot 
exist at the aperture. The odd order H. - modes may exist ty symmetry*. 
Through a similar ennlysis to that preceedlng tlds discussion, for the 
fields given Igr 

®xi “ \ 



E a = B. Cos Sin 0' 
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the diffraction integrals are given ty 
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Baplpypeut of ths Sailth Chart ip P3,ot K llipticity In the E Plane 

In order to aake une of the elllpticity of the tincompea sated 

later&liy ludiattag elactrmagnetic horn the B plane field pattern el- 

o o 

llpticlly fr<»i 0 ~ -5 to 0 = +5 is plotted on the Saith chart in 
Pigiires XXVIII and XXIX, The cc^pnted values wero obtained froa 
Equations (6) and (7) and the measured values were obtained froia tho 
values on Fieuree XIX and XX and ty assuming the phase relationships 
given ly Equations (6) and (7) hold. The following convoiitions are <ki- 
plqyedj 
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1, All poiats ImT-ing th® direction of rotation are 
plotted on one Sisith Chairt. 

2, Circles of eoastant standing varo ratio are circles of 

E* 

coastaat -r- ratio. 

y 

3* Tam angle &t which th® najor axis of the ellipse is ori- 
ented with respect to the axis is iialf the pl:j^sical 
angle on the Saith chart. 

The Method of Coanuting the E Plane for the Horn with E Plane 

Flare 

Equation (8) was employed. G(C) was obtained froa Figure 10.11 

of Reference (36) which gave the values for a 40° B plan© sectoral horn 

with a l^agth of 3A» E^(G,0) was taken from the values of the comouted 

pw 

I plane field pattern given in Figure XXH. 
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APPENDIX, SECTION D 
SmrLS GALCOLAI-IONS 
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the E Plane PoXariaed. H Plane Field PattoiTa 
Fonaiila (2) is applicable. 
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?&riatioas in the tera (i + Cos 9) are considered to be negligible in this 
range. A plot of is given on Figure XVII. 

Tlfie Fourler-Bessel Sg;ries Hethod of Coaputiug the ^ Plane Pol/arlaed. 

H Plane Field Pattern 

la order to detenaine the H plane field pattern, let ^ in 
Forsaula (6) , and the resultaiit equation becojaess 
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The argusaent of th® Bessel function can ba eomputed. For this antenna 




2w 31,1 ~ 73. 
3.2 



The first step is to make a table of A(n,5i^^) and 3{n,^). 
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The table of B(a,0) mej' also be 


oonstructed. ' 


This table will apply 


any antenna design. 
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Table IV 

Coxaputatlon of E for the H Plane Field Pattern (Use Equation {?)) 

ToOc^>s^o) 3iC>f7,‘S.<r«; , 

9 m,%.)B(x,i) 

9 +4.7936 0 0 0 +4.7936 0.00 

1 +2.9900 +1.3480 +0,0221 0 +4.3601 -0.79 

2 -0.3260 +3.4650 +0.2760 +0.0017 +3.4174 -2.93 

The H piano pattera field is plotted on Figure XVII, 

The Fourier-Beasel Series Method of Comnutinr the H Plane Polarised 
ii Field Pattern 
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Next a table of D(n,j^) is constructed, this table is appli- 
cable to all antennas. 
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Evaluating Equation (6) the following table resxilts. 
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The Fourl ei‘"Be seel Series Metiriod of Coaputlag the ^ Plsoe PoXarlaed 
£ Plane Field Pattern 

Substitute =* 0° and ^ in Equation (6). The 
and the B(a,0) tables isave already been cocaputed. 



Talale Vm 
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table IX 



Computation 
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1 
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of the Magnitude 
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and Phase of E^ in the 
Incremental Source 
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These Talues are plotted on Figure XXX 
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